The present study has concentrated on the antibiotic resistance pattern and transferability of the plasmid mediated resistance of marine bacteria. A total of 9 different samples comprising of rhizosphere of coastal sand dune plants and sea water were used in the study to isolate fluorescent pseudomonads (FPs). From these samples pseudomonas were isolated by spread plate technique using Kings B agar about 60 FPs were isolated and were screened primarily for pigment production in KB agar. When screened for antibiotic resistance the isolates AMET6109 and AMET6152 have exhibited average growth in the presence of high concentration of chloramphenicol .For plasmid transfer experiments a total of nine donor strains (Pseudomonas sp) were tested for three different donor recipient (Escherichia coli JM109) ratio. The co cultured bacteria were spread plated on EMB agar amended with Chloramphenicol (100 μg/mL concentration). To demonstrate the transformed chloramphenicol resistant plasmid from E.coli, the transformed E.coli was streaked on antibiotic amended EMB agar plate. The ability of transformed bacterium in subsequent generations in the antibiotic amended medium denotes the survival of the transferred plasmid.
The use of antibiotics in clinical therapy of human infectious diseases during past 50 yrs has resulted in rapid global spread of antibiotic determinants. Residues from human environments and from farms may contain antibiotics and antibiotic resistance genes that can contaminate natural environments 1 . During the past few years, research has revealed not only how such resistance mechanisms have been able to evolve and to rapidly disseminate, but also how bacteria have, in some cases, been able to adapt to this new burden of resistance with little or no cost to their fitness. Such adaptations make the control of these superbugs all the more difficult 2 . The clearest consequence of antibiotic release in natural environments is the selection of resistant bacteria. The same resistance genes found at clinical settings are currently disseminated among pristine ecosystems without any record of antibiotic contamination The use of antibiotics is associated with the presence of plasmids ,the plasmid contains one or more resistant genes these genes are involved in transmitting the antibiotic resistant from virulent bacterial species to non pathogeneic organism such as E.coli 3 . These antibiotic determinants are usually located on mobile genetic elements such as conjugative plasmids 4 or conjugative transposons 5 which ensure their dissemination among bacterial populations via horizontal gene transfer. Horizontal gene transfer is defined to be the movement of genetic material between bacteria other than by descent in which information travels through the generations as the cell divides 6 . Gene transfer studies carried out under more natural conditions such as in model ecosystems or in the environment established that all gene transfer mechanisms worked under these conditions. 7 Moreover, environmental hot-spots were identified where favourable conditions such as nutrient enrichment increased the probability of genetic exchange among bacteria. Understanding the epidemiology of antibacterial resistance will enable us to develop preventive strategies to limit existing resistance and to avoid the emergence of new strains of resistant bacteria 8 . The significance of this finding is that, gram negative bacteria harbor different plasmids which give them multiple antibiotic resistances to many unrelated antibiotics and give the ability to survive in the environment especially in the soil, water etc. Since, the coliforms and Pseudomonas are dominant bacteria in the soil and water, horizontal transfer of antibiotic resistance genes through conjugative plasmids do often occur among them and therefore, make these important bacteria multiple resistant to several antibiotics .One strategy to minimize plasmid transmission of antibiotic resistance is to eliminate the plasmids. This process is known as 'curing' and many compounds have been shown to be capable of causing this effect 9 . In this context, the present study has concentrated on the antibiotic resistance pattern and transferability of the plasmid mediated resistance of marine bacteria. The transfer of antibiotic (chloramphenicol) resistance plasmids were transferred from few marine bacteria to E. coli JM109 a model organism
MATERIALS AND METHODS

Cultures and culture conditions
All the bacterial strains used in this study were maintained in nutrient agar slants at 4°C. Escherichia coli JM109 strain that harbors no plasmids was obtained from Biocontrol and Microbial Metabolies Lab, CAS in Botany, University of Madras, Chennai .
Collection of seawater and rhizosphere samples
Sea water and rhizosphere soil samples were collected from beaches of Uthandi, Reddikuppam and Kanathur along the Bay of Bengal in Chennai coastline ( Table 1) .
The soil and sea water samples were serially diluted in sterile distilled water up to 10 -6 dilution and the dilutions 10 -4 and 10 -6 were spread plated on Kings B Agar Medium prepared in distilled water. The plates were kept for incubation at room temperature for 48 hrs. After 48 hrs, the plates were observed for fluorescent colonies under the UV illumination in a transilluminator. The distinct colonies that show blue/blue green fluorescence were identified as fluorescent pseudomonades and subcultured to purity on Kings B Agar medium. All the strains were stored in nutrient agar slants at 4°C. All the cultures were given a unique accession number with a prefix AMET.
Biochemical characterization to identify the selected strains
Selected 9 fluorescent pseudomonads were further subjected to various staining and biochemical tests to confirm their generic identity. The tests such as gram staining, simple staining, motility, IMViC test, oxidase and catalase tests, Oxidation fermentation test, gelatin liquefaction, starch hydrolysis, growth at 4 and 41°C using standard procedures.
The various physiological and biochemical tests were carried out according to the methods outlined in the Bergey's Manual of Determinative Bacteriology for the identification of selected 9 strains Antibiotic resistance/sensitivity All the 9 selected Pseudomonas spp. were streaked on NA plates amended with three different concentrations of antibiotics such as 50, 100 and 150 mg/ml. The antibiotics used were chloramphenicol, tetracycline, amoxicillin, ampicillin, cephalaxin and doxycillin. The NA plates without antibiotics served as controls. The plates were incubated at room temperature for 24 h and observed for bacterial growth. A +++ scale was followed to assess the bacterial growth comparatively. According to that -indicates no growth, + indicates poor growth, ++ indicates average growth and +++ indicates good growth in comparison with antibiotic free control plate were all the growth were recorded as +++.
Six commercial antibiotics such as Amoxyclav (30µg), cefepime (30µg), cefotaxime (30µg), ciprofloxacin (5 µg), gentamycin (10 µg) and imepenem (10 µg ) that were used to clinical infections caused by gram negative bacterial pathogens. These antibiotics were tested as a OCTADISC provided by Himedia Mumbai. Bacterial strains were swabbed allowed to aid dry in Laminar air flow chamber and on top of it the bacterial discs were placed. The NA plates without antibiotics served as controls. The plates were incubated at room temperature for 24 h and observed for the presence or absence of a lytic zone around antibiotic discs.
Isolation of plasmid
All the selected 9 Pseudmonas spp. were grown in nutrient broth for 24 h and subjected to the alkaline lysis plasmid isolation procedure as described by 10 .
Curing of plasmids
All the 9 Pseudomonas spp. containing plasmids were subjected to plasmid curing experiment. Acridine Orange (400 mg/ml for 2 h) was used as curing agent. The cell pellet, alone which was obtained by centrifugation at 8000 rpm, was treated for 2 h with Acridine Orange after which it was serially diluted and spread plated on NA plates.
Demonstration of plasmid mediated antibiotic resistance
After 24 h the colonies appeared on NA plates were replica plated on Chloramphenicol (100 mg/ml) amended NA plates. The colonies which failed to grow in tetracycline amended plates were assumed that they lost their plasmid in the curing process and hence the tetracycline resistance harbored by them is plasmid mediated. However, both Acridine Orange treated and untreated bacteria were used for the isolation of plasmids and the loss of plasmids/ retaining of plasmids were confirmed through agarose gel electrophoresis study.
Plasmid transfer experiments Recipient strain
Escherichia coli JM109, a plasmid less strain which is susceptible to Chloramphenicol even at 25 mg/ml concentration was obtained from Biocontrol and Microbial Metabolites laboratory, CAS in Botany, University of Madras. The strain was already used in several molecular biology experiments as a model strain.
Growth of donor and recepient bacterium
Both the donor Pseudomoas spp. (9 strains) and recipient Escherichia coli JM109 were grown in NB at room temperature for 12 h.
Transfer of plasmid
Three combinations of donor and recipient were fixed to find the effective dose of donor and recipient for optimal plasmid transfer. The combinations are as follows 1.
Donor 100 µL and recipient 100 µL 2.
Donor 500 µL and recipient 100 µL 3.
Donor 100 µL and recipient 500 µL In all the combinations respective volume of bacterial suspensions were taken in a sterile eppendorf tube and mixed well. Then this donor recipient mixture was inoculated in nutrient broth. The mixtures were kept in room temperature for 12 h. Then, the donor recipient mixture from each treatment was serially diluted up to 10 -6 and plated on EMB agar (HiMedia, Mumbai) supplemented with Chloramphenicol (100 mg/ml).
The number of metallic sheen E. coli colonies that were observed in Chloramphenicol amended EMB agar plates is expressed as the number of transformed E. coli cells.
Demonstration of transformed chloramphenicol resistant plasmid from E.coli
Transformed single E. coli JM109 colonies were selected from antibiotic amended EMB agar plate was inoculated in NB and incubated in shaken condition for 24 h. After the incubation, plasmid DNA was isolated from the culture by the above said procedure.
Survival of plasmid in E. coli
The transformed E. coli was streaked on antibiotic amended EMB agar plate and from that 24 h old same culture was used for subsequent inoculations in the same medium for five generations. The ability of transformed bacterium in subsequent generations in the antibiotic amended medium denotes the survival of the transferred plasmid.
RESULTS AND DISCUSSION
A total of 9 different samples comprising of rhizosphere of coastal sand dune plants and sea water were used in the study to isolate fluorescent pseudomonads. The samples were inoculated on KBA after serial dilution and were observed for fluorescent colonies under UV illumination after two days of incubation . Surprisingly sea water contains more number of FP colonies than the rhizosphere. This observation was in agreement with the previous report that the pseudomonads population is determined by environmental conditions such as soil type and pH and not essentially the rhizosphere of plants 11 . The establishment of an introduced community of The fluorescent pseudomonads in the soil and in the rhizosphere is affected by the soil type . 12 have also reported similarly that. Distinct fluorescent colonies were isolated and sub-cultured to purity on KBA . A total of sixty FPs were isolated in pure culture. The colony morphology of all the 60 FPs were also recorded. The colonies exhibited mixed pattern of circular and irregular colonies.
As suggested by Pierson and Pierson 13 , the metabolites including the fluorescent pigments of pseudomonas are subject to be affected by various environmental, nutritional and physiological factors. So, all the 60 FPs were tested for their consistency in pigment production in KBA. It has been found that nine strains namely AMET6101, AMET6102, AMET6103, AMET6104, AMET6109, AMET6139, AMET6152, AMET6153 and AMET6157. These strains have exhibited consistent yellow green pigments for about two days in the KBA medium. So, they were selected for further studies. Selected 9 fluorescent pseudomonades were further subjected to various staining and biochemical tests to confirm their generic identity. Surprisingly all the nine FP isolates have given uniform results to all the test except iodole and VP tests . However, the most important characteristics such as gram negative, rod shaped, motile, catalase oxidate positive, oxidative and grows well in cetrimide agar has clearly indicated that these strains are Pseudomonas spp (Fig 1) . Since these bacteria have produced yellow green pigments they might belong to Pseudomonas fluorescence. However, species level identification requires molecular taxonomic studies.
All the nine organisms have exhibited exceptional resistance towards all the six antibiotics tested in the primary screening. However, (Figure 2 ). Several researchers across the globe have reported the antibiotic resistance of pseudomonades especially Pseudomonas aeruginosa 14,-16 . In the present study six clinically prescribed antibiotics such as Amoxyclav (30µg), Cefepime (30µg), Cefotaxime (30µg), Ciprofloxacin (5µg), Gentamycin (10 µg) and Imipenem (10µg) have been tested against all the nine fluorescent pseudomonads . These six antibiotics are clinically prescribed for gram negative pathogenic bacterial infections. Here, four FP strains namely AMET6104, AMET 6109, AMET 6153 and AMET 6157 have exhibited remarkable resistance towards Amoxyclav at 30µg concentration. However, other strains have exhibited susceptibility/resistance to other antibiotics tested ( Table 2) .
All the selected 9 Pseudomonas spp. were grown in nutrient broth for 24 h and subjected to the alkaline lysis plasmid isolation procedure. Plasmids were observed in the agarose gels. This has confirmed that all the nine isolates harbor plasmids . Bengtsson et al. 17 have reported the antibiotic resistance plasmid RP4 in Pseudomonas putida isolated from ground water. Several multidrug-resistant Pseudomonas aeruginosa strains isolated from hospitalized burn patients in a tertiary care hospital of North India were found harboring R-plasmids and AmpC ²-lactamase 18 . Shahcheraghi et al. 19 have reported the serovar determination, drug resistance patterns and plasmid profiles of Pseudomonas aeruginosa isolated from burn patients at two hospitals of Tehran. The above studies and the present study have clearly indicated that many species of Pseudomonas harbors antibiotic resistance plasmids and that may contribute the spread of Intercalating dyes such as a acriflavine, acridine orange, ethidium bromide and quinacrine have been successfully used in curing bacteria of plasmids 20 . One way to reverse the resistance of emerging or engineered bacteria is to specifically target the plasmids rather than using methods to directly kill the cells. In present study plasmid curing experiments for all the 9 Pseudomonas spp were done using acridine orange. The plasmid cured strains have failed to grow in the antibiotic amended medium. But the wild untreated strains as usual have grown well in antibiotic amended medium (Figure 3) . The strain AMET 6157 has exhibited absolute plasmid curing frequency (100%). Three FP strains AMET 6101, AMET 6104 and AMET 6153 have exhibited less than 5% of plasmid curing frequency (Fig 4) . James Wechsler and Bruce C. Kline 21 have used acridine orange for mutation and identification of the F plasmid locus determining resistance. The colonies which failed to grow in Chloramphenicol amended plates were assumed that they lost their plasmid in the curing process and hence the chloramphenicol resistance harbored by them is plasmid mediated. Several workers have demonstrated plasmid mediated antibiotic resistance in many of the microbial systems. Campbell et al. 22 have studied extensively on the occurrence of plasmids in the genus Pseudomonas isolated from natural environments such as agricultural soils. In the present study also, the plasmids from Pseudomonas spp. isolated from marine environment are found to harbor antibiotic resistant plasmids. Mating technique has been performed in agar plates for the transfer of plasmids from donors to recipients. Three combinations of donor and recipient were fixed to find the effective dose of donor and recipient for optimal plasmid transfer. Several workers have demonstrated the plasmid transfer experiments in both laboratory and natural conditions. Satoshi Soda et al. 23 have transferred multi resistant plasmid RP4 from Escherichia coli to activated sludge bacteria using mating techniques in growth media. Chloramphenicol resistance plasmids have also been transferred previously. The effect of different concentrations of chloramphenicol on the original strain and on the plasmid-cured E. coli strain was studied and found that the plasmid-cured strain displayed lower resistance for chloramphenicol than the wild type. E. coli is an important commensal or pathogen that inhabits the gastrointestinal tracts of humans and animals, so a plasmid encoded active drug resistance mechanism can be a potential source of horizontal transfer of resistance 24 . Many workers have optimized the plasmid transfer experiments 25 have studied the influence of culture age (various OD values) and ratios of donor and recipient cultures as well as filter, solid and liquid mating techniques, were examined in order to optimize the conjugation protocol using lactobacilli. In the result of these studies, they concluded that the donor-to-recipient ratio appear to be important. In continuation with this, the present study has also optimized the donor recipient ratio in direct mating technique using broth cultures among Pseudomonas spp. and E. coli, JM109 a model organism that harbors no plasmids, total of nine donor strains were tested for three different donor recipient ratio. The co cultured bacteria were spread plated on EMB agar amended with chloramphenicol (100 µg/mL concentration). In this medium only transformed E. coli JM109 that harbors chloramphenicol resistance plasmid can grow( Fig  5) . Because, the parent FPs (Donors) cannot grow in EMB agar as it is selective medium for E. coli. Similarly the untransformed recipient E. coli JM109 cannot grow in this medium as the strain cannot resist the chloramphenicol at the tested concentration (100 µg/mL). So, the metallic sheen colonies that appeared on EMB agar amended with antibiotics were enumerated as transformed colonies and the counts were used for calculating the transformation frequencies. It has been found that the donor recipient ratio influences differently on the transformation frequency with respect to the donor strain. However, majority of the donors have exhibited high transformation frequency with the ratio of 100 µL donor and 500 µL recipient (Table 3) .
Assessment of survivability of transferred plasmid in the recipient is an essential step in the plasmid transfer experiments. Bonnie Marshall et al. 26 have examined the survival of a host Escherichia coli K-12 bacterium containing two transferable plasmids (pLM2, pSL222-4) and one poorly mobilizable plasmid (pBR322), and the transfer of these three plasmids to endogenous bacteria in the human intestinal tract. The survival of this plasmid-carrying host organism in four human volunteers was 3.5 to 6 days.
In the present study, the transformed E. coli JM109 was streaked on antibiotic amended EMB agar plate and from that 24 h old same culture was used for subsequent inoculations in the same medium for five generations (Fig 6a) . Plasmids of both transformed E. coli JM109 and Pseudomonas spp. were isolated and compared for similarities (Figure 6b ). The ability of transformed bacterium in subsequent generations in the antibiotic amended medium has given the evidence for the survival of the transferred plasmid.
CONCLUSION
The marine environment contains antibiotic resistant fluorescent pseudomonas. These FPs are readily transfer their plasmids to other bacteria. This has to be seriously considered as this organism may transfer antibiotic resistance to sea food pathogens and human pathogens in natural environments and may cause severe threat to public health.
